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ABSTRACT

In a counterbalanced experimerit four restrained, imma-

ture chimpanzees were subjected to a 100%e oxygen environment

at 14.7 psia for over 15 hours. Diring this period they were

isolated in a chamber and performed various psychomotor

tasks. These same animals served as subjects for the same

period of time in a 20%, oxygen environment. Relative humidity

was maintained at 45 - 5516; temperature was maintained at

79 - 819F.; environmental CO 2 was lower than 3.8 mm Hg.

Heart rate, respiratory rate, and skin and rectal temperatures

were monitored during the experiments. Clinical examinations,,

hematological and serum biochemical determinations, and

urinalyses were performed before and following each test.

.The only significant findings were a relative bradycardia and

tachypnea in the hyperoxygenated environment.

PUBLICATION REVIEW

This technical documentary report has been reviewed ala

is approved.

"4HA!MITO *. B LA C fEAR

Lt Colonel, USAF, MC
Commander
6571st Aeromedical Research Laboratory

tii



CARE AND HANDLING OF THE SUBJECTS

The animals used in this study were handled in accordance

with the "Principles of Laboratory Animal Care" established

by the National Society of Medical Research.
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CHIMPANZEE PHYSIOLOGICAL TOLERANICE
TO BREATHING 100% OXYGEN AT 15 PSI

I INTRODUCTION

Before a chimpanzee can be used to precede man in space
experimentation, considerable ecological testing should be done.
The separate and combined effects of many ecological variables
of various artificial environments must be assessed. These
variables range from physiological parameters to psychological
aspects of prolonged isolation and confinement. One particular
area needing investigation is the effect of breathing 100% oxygen
at 760 mm Hg (14.7 psi) for limited periods of time. This is a
gaseous environment to which a chimpanzee could be subjected
during the countdown period prior to launch.

Many investigations into the biological effects of a high
oxygen environment have been performed. The French investi-
gator, Paul Bert (.Ref. 1) was the first to show that a high oxygen
concentration can kill many forms of living organisms. Since
that time a large number of oxygen tolerance investigations on
experimental animals and a few on humans have been conducted
(Ref. 1, 2, 3, 4, 5, 6, 7 and 18), and the toxic effects of continuous
exposure to high oxygen concentrations have been repeatedly
confirmed. These investigations indicate that the primary
toxic action of high concentrations of oxygen at ambient atmos-
pheric pressure is irritation to the respiratory tract. The
effects noted are believed to be due to the direct action of
oxygen on lung tissue causing pulmonary edema, atelectasis,
fibrosis of the alveolar walls, pleural effusions and eventually
death.

Bean (Ref. 3) points out that the accumulation of much
experimental data leaves little doubt that continuous exposure
to oxygen in concentrations above 60 to 70% at normal atmos-
pheric pressure for 12 to 14 hours or even less, results in
pathological changes in the lung. Paine, Lynn and Keys (Ref. 8)
in a series of experiments on 49 dogs found that pulmonary
changes occurred while breathing oxygen in concentrations of
95 to 100% at atmospheric pressure for periods as short as 2
hours. One dog died after only 6 hours of exposure and at
autopsy exhibited the typical pulmonary pathology; however,
the average duration of life in such an oxygenated environment
was 39 hours. Hulpieu and Cole found that increases in relative
humidity combined with high temperature greatly' increased the
toxic effect of oxygen (Ref. 9,).



The purpose of this study was to determine, as quantita-
tively as possible, whether a period of 15 hours, the potential
countdown time in an actual launch, in this environment is
toxic to the chimpanzee. A series of tests were conducted to
identify any possible deleterious effects on restrained chim-
panzees from an environment of 10016 oxygen at 760 mm Hg
(14.7 psi) over a 15 hour and 15 minute period by the evalua-
tion of psychomotor performance, physiological response,
clinical examinations, and hematological and biochemical data,
before, during and following the testing period.

Physiological parameters monitored and recorded during
these tests include rectal temperature, skin temperature, pulse
rate, three-lead electrocardiogram, and respiratory rate
(Ref. 13,15 and 16). Environmental parameters controlled,
monitored and recorded include oxygen and carbon dioxide
content, temperature, relative humidity, and barometric pres-
sure.

Metabolic profile studies were conducted on blood and
urine samples to determine the chemical changes in the blood
as a result of exposure to increased concentrations of oxygen.

Psychomotor performance, as measured by continuous and
discrete avoidance tests, was studied to determine whether it
was affected by increased concentrations of oxygen.

II. MATERIALS AND METHODS

A. Description of Apparatus

1. Restraint Devices

a. Restraint, suits consisted of nylon webbing
reinforced by nylon tape at the cuffs and other points of stress.
They were developed by Aeromedical Research Laboratory
personnel and fabricated by the Clothing Division, ASD, and
they represent a modification of suits previously used in chim-
panzee research (Ref. 10). Expansion of the suit to compensate
for growth of the subject was provided for by adding inserts
controlled by drawstrings.

b. The restraint chair was developed by Aero-
medical Research Laboratory personnel for use with two to
six year old chimpanzees, and was locally fabricated. The
chair is designed for easy adjustment and when used with a
suit will facilitate attachment of sensors for collection of
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physiological data (Ref. 11), to various sized chimpanzee. The
restraint chair used in this study was modified. with a metal
skirt (Fig. 1) to prevent the chimpanzee from removing the
urinary catheter or physiological leads.

2. Test Chamber System

The environmental chamber utilized in these
tests was a General Electric "closed environmental system for
large primates" (Ref. 12). This system will maintain internal
environmental conditions within the following extremes: tem-Sperature, 60°F to 100°F; pressure, 120 to, 760 mm Hg absolute;
relative humidity, 30% to 90%; and atmospheric composition,

up to 100% Oxygen.

The only outside sources of energy required to.
operate the system are 220 V AC 60-cycle single phase, 115 V
AC 60-cycle single phase, and 28 V DC, unregulated power.

The system is comprised of four main mobile
sub-assemblies. The first is the chamber proper (Fig. 2).

Its internal dimensions are 30 inc1es deep by 48 inches high
by 48 inches wide, giving it a basic volume of 40 cubic feet.
All surfaces are fully water-jacketed and connected in parallel
by manifolds for maintaining wall temperature at any desired
level or for "heat pulsing" them from high to low extremes of
temperature.

A plexiglass window (Fig. 3) is provided in one
wall over the pneumatic control panel for viewing the subject.
A second "overlay" may be affixed to it to provide either an
opaque or "one-way" viewing surface.

Electrical interfaces are also provided for
conducting electrical signa-ls from internal test leads to out-
side monitoring instrumentation, Eight sampling outlets are
also provided.

The pneumatic control console displays an abso-
lute pressure gage, oxygen supply shutoff valves, "breathe-
down" valves, bleed valves, a quick-vent valve, and a demand
type precision oxygen regulator. Integral with the chamber
sub-assembly is a vacuum pump which is used to evacuate the
system to lowered pressures. A purge valve is also provided
so that the desired atmosphere gas composition may be admitted
and "air" expelled from the system.

3
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The next sub-assembly to be described in the life
Ssupport sub-system. It is entirely enclosed with easily remoVed
heet metal covers, as is the entire system. This sub-system

has the function of maintaining a habitable environment within
the chamber proper. The atmosphere from the chamber is
recirculated through this system at a rate of approximately
15 cubic feet per minute by means of an axial flow blower.
'The '!stale" air removed from the chamber is passed through
a CO 2 absorber. This device is capable of maintaining the CO2
partial pressure below two mm Hg. The air then enters one of
two cold traps which "freezes-out" most of the water vapor in
the air stream. Two cold traps are necessary since one must
be alte-nately switched into the line to allow the other to defrost
as it becomes saturated. Defrost heaters integral with the re-
frigerant coils perform this function. This freeze-out defrost
cycle is programmed by an electro-mechanical timer which'
switches the flow path between cold traps by means of pneumati-
cally actuated valves. The timer also determines refrigerant
flow path sequence and defrost heater operation.

The cold air next enters the heater-humidifier
where it is reheated and a controlled amount of moisture re-
admitted into the air-stream before re-entering the chamber
by a manually operated micrometer valve.

The life support sub-system also houses the pick-
ups for the COz and 07 analyzers which are an integral part of
the system. The CO 2 analyzer is an infrared type and monitors
the COZ level at the inlet to the CO? absorber. The O0 analyzer
operates on the para-magnetic principle and it continuously
samples from the system atmosphere at the cold trap outlet.
Hook-ups are provided to check the calibration of both of these
instruments without shutting down during the course of a test.'

The electrical control console is the third sub-
assembly of the system (Fig. 4). This console displays all the
chamber internal environmental parameters and provides means
for controlling them. Indicator lights are provided to indicate
operation of various important components within the system.
The COZ analyzer display panel and the OZ analyzer recorder-
indicator are also in this assembly. An electrical interface is
provided so that output from the environmental sensors may be
fed to a continuous recorder if this is desired. An audible
warning device is also provided which will indicate high or low
extremes of either temperature or pressure. The console it
connected to the other part of the, system through a central
Junction box located on the. life support sub-system.

7
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The last part of the system to be described is the
elevated wall temperature sub-system. This assembly provides
the capability of heating the chamber walls to an.elevated tem-
perature and then cooling them back to ambient within a 10-
minute period. The system contains two insulated 40-gallon
tanks connected by three-way manual valves to an electrically
driven centrifugal pump. The first tank contains thermostati-
cally controlled immersion heater coils, and the second is the
cold tank which is cooled by refrigeration coils connected to
a one-third HP hermetic refrigeration unit. By manual regu-
lation of the valves and pump, the desired temperature profile
may be pulsed into the chamber walls. Additionally, this sub-
system is used to maintain the chamber walls at the same
temperature as the internalrenvironment by means of a thermo-
static temperature controller which cycles the water circulating
pump to maintain a preset temperature. The chamber wall
temperature may be independently raised from an ambient one
to 15KOF and then dropped back to ambient temperature within
a 10-minute period.

3. Instrumentation

An FR-1100 tape recording system was used to
record physiological and psychological information on magnetic
tape and a Sanborn recorder provided a visual display of
pertinent physiological functions (Fig. 5). The physiological
parameters which were recorded on magnetic tape are as
follows: ECG leads I, II and MI, respiration, rectal and skin
temperatures. The recorded psychological information was
right lever, left lever, blue light, shock and program on. The
physiological parameters recorded on the Sanborn recorder
were: ECG leads I and tI and respiration; the psychological-
information recorded was right lever, left lever, blue light
and shock.

The following electronic equipment was used:
Ampex FR-1100 tape recorder, Sanborn recorder, Tektronix
amplifiers, Electro-Mechanical Research, Incorporated ampli-
fiers, subcarrier oscillators, Electro-Mechanical Research,
Incorporated discriminators and a Yellow Springs teletherm.

a. Electrocardiogram (ECG)

Four electrodes were used in the ECG system.
The electrodes were made of four male and female snap fas-
teners and four steel sutures, .028 inch in diameter. The
suture electrodes were attached to the left anterior chest, right
anterior chest, left medial thigh, and right medial thigh. The

9
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method of attachment was as follows: The suture was inserted
'subcutaneously and parallel to the surface of the skin for one-
half inch. The end of the suture was then brought out of the
skin through female snap fasteners. Male fasteners with elec-
trical leads attached were snapped to the female fasteners at
the point of suture entry. The appropriate connections were
applied to and amplified by the Tektronix amplifiers, calibrated,
amplified further by the Electro-Mechanical Research,Incor-
porated amplifiers, applied to the sub-carrier oscillator and
recorded on the FR-1100 tape recorder. ECG leads I and III
were then played back through Electro-Mechanical Research,
Incorporated discriminators to the Sanborn recorder.

b. Respiration Sensor

The respiration sensor was a soft rubber
tube one-eighth inch in diameter, approximately four inches
long, filled with a 15%/ aqueous solution w/v of CuSO4 with
electrical connections on each end. The sensor was attached
around the subject's chest at the level of the eleventh intercostal
"space. The change in electrical resistance of the tube as it was
stretched with each chest expansion was applied through an
amplifier !(built by McDonnell Aircraft Co.) to a subcarrier
oscillator, and recorded on magnetic tape and Sanborn paper.

c. Rectal Temperature

Rectal temperature was sensed by a Yellow
Springs Instrument Company temperature probe which was
inserted approximately nine inches into the rectum (Ref. 13).
The resistance of the thermistor probe was measured by the
bridge circuit of a Yellow Springs teletherm. After calibration
the signal was amplified and recorded on magnetic tape. A
visual readout could also be obtained for test time readout.

d. Skin Temperature

Skin temperature was sensed by a Yellow
Springs Instrument Company thermistor skin temperature
probe taped on the right medial thigh. Operation of this probe
is the same as above.

e. Voice

Chimpanzee vocal reaction in the chamber
was sensed by a microphone, amplified, and monitored for the
detection of. respiratory difficulties.

'N



f. Time

A 99 hour coded clock provided time corre,
lation, and was recorded on the tape as well as the Sanborn
recorder. Also a 6.25 KC signal was ifserted on the magnetic
tape for computer correlation.

B. Description of Test

1. Preparation of Subject

Prior to the test, the subject was examined and
declared in good health by the attending veterinarian. The
subject was instrumented and restrained (Fig. 6).

ECG electrodes were secured with tape. The
respiration sensor was placed one inch below the right chest
ZECG electrode. The skin temperature thermistor was taped
to the medial thigh region. The rectal probe was inserted
into the rectum and taped. The subject's urinary bladder was
catherized and the urine collection begun. The subject's
instrumentation was then checked (Fig. 7). The subject was
placed in a restraint suit and transferred to the restraint
chair. Instrumentation was again checked (Fig. 8). The sub-
ject was transferred to the chamber area and placed in the
G.E. chamber (Fig. 1). The instrumentation readout was
again checked for physiological presentation. The subject
performed psychomotor tasks for five minutes to check pSycho-
motor instrumentation.

2, Experimental Conditions

Each test had a duration of 15 hours and 15 min.-
Utes from the time the desired temperature, relative humidity,
and atmospheric composition. and pressure were reached.
The pressure in the chamber was increased to that of sea level
at approximately 1000 feet per minute. The subject received
water ad lib and no food during this period. Upon completion
of the test, the atmospheric pressure was decreased to field
elevation of Holloman AFB (approximately 4200 ft) and the
subject was removed from the chamber and transferred to
the Vivarium and given a physical examination (Appendix II).

3. Design

Four chimpanzees were divided into two groups
to accomplish a crossover design so that each animal acted as
his own control. Group I subjects were exposed first to 20%o
oxygen, .4.7 psi and later to 100% oxygen, 14.7 psi. Group II

12
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animals were exposed to 100% oxygen, 14.7 psi prior to 20%
oxygen, 14.7 psi environment. This technique obviated possible
sequential effects which might have occurred in the usual test-
retest situation.

Heart rate and respiration rate were determined
by manually counting from Sanborn paper the QRS complex
for heart rate and the respiration wave form for respiration.
Rectal and skin temperature were recorded from telethermom-
eter (teletherm). These readings were recorded for I minute
at 15-minute intervals. During the 15-hour test session for
each animal, the behavioral tasks were presented for 15 minutes
at 3-hour intervals. The results of the behavioral tests are
reported by Farrer (Ref. 14). Physiological parameters were
recorded every minute for 15 minutes: (1) prior to the work
period (pre-work period), (2) during the work period (behavioral
test), and (3) after each work period (post-Work period). Thus
physiological information was collected once every 15 minutes
of the test and for 45 consecutive minutes during each of five
pre-work, work and post-work periods.

4. Subjects

Healthy chimpanzees approximately four years
nine months, to six years 11 months of age were used as test
subjects. Of the four animals, two were male and two female.

C. Blood and Urine Analyses

Venous blood samples were taken from each subject
immediately before and immediately after each 15-hour test
period. Urine specimens for urinalysis were also taken im-
mediately before, and during the first post-test hour after,
the experiment. Urine was collected during the 1 5-hour period
by means of an indwelling catheter. Urine and blood samples
were analyzed by conventional methods.

1. Hematology

White blood cell count and differential, red blood
cell count, esinophile count, hemoglobin content, hematocrit,
platelet count, sedimentation rate, and reticulocyte percentage.

2. Venous Blood Serum

Sodium, potassium, chloride, CO2 , pH, 02 content,
oxygen capacity, urea nitrogen, total protein, creatinine, calcium
and inorganic phosphorus concentrations.

16



3. Urine

Specific gravity, pH, sugar,, albumin, examination
of sediment, and 17-hydroxy-corticosteroids. The latter deter-
mination was performed only on the 15-hour test sample and
was done by a modification of the Porter-Silber technique.

III. RESULTS

It will be noted.from Table I that the subjects withstood
the test in good physical condition, with the exception of edema
of the penis due to suit stricture in one subject in both the 200%
and 100% OZ tests, and foot edema in three subjects caused
apparently by the ankle restraint bar. It is interesting that the
greatest body weight loss occurred during test Number 8 when
4.68% of total body weight was lost during the 15 hour and 15
minute test. All subjects consumed approximately one liter of
water during the test with the exception of subject Number 32
"in test Number 1.

The ranges, means, and standard deviations of the physio-
logical measures were computed for the 20% 0? and 100% 02
environments and are presented in Tables II and III, respec-
tively. These means were computed by averaging only that
recorded vital sign data collected every 15 minutes (N) during
each test. It will be noted that there is consistently a marked
decrease in the mean heart rate in 100%0 02 as compared to
the control test condition in 20% 0?.

Two of the subjects (No. 35 and No. 46) exhibited no signifi-
cant change in average respiratory rate over that of the 20%
oxygen environment when subjected to pure oxygen. Two other
subjects (No. 32 and 42) exhibited relative tachypnea when
subjected to the pure oxygen environment. This tachypneic
response would appear significant even though the overall aver- m
age respiratory rate showed no significant increase in 100-0
oxygen (see Tables V and VI).

The average skin temperatures exhibited a slight rise
in 100% oxygen experiments, but neither this nor the average
rectal temperatures should be considered to have changed
significantly in the 100% oxygen environment (Tables V and
VI). This lack of significance is due to approximately equal
fluctuation in both directions in the two different environments.

Table IV lists the mean difference, 20%0 0 vs. 100%6 02,
standard error of mean for 20% 02 and 10076 O and the results
of It" tests of these intra-animal analyses of the physiological
measures. All measures were statistically significant at the .01
or .05 level with the exception of respiration in tests 2, 3, 6 and 7.

17



TABLE, I

SUMMARY OF PHYSICAL EXAMINATION DATA

Test Subject Physical Condition Body Weiprht
No. No. Pre-Test Post-Test Loss Condition Test

1 327 Good Good 2.4% 20% 02
Marked edema
of penis due
to stricture,
of suit

35 Good Good ., 34%. 20% 02

3 42 Good Good 0.98% 100% 02
Moderate edema
of both- feet

4 46 Good Good 3.19% 100% 02
Slight edema
of feet

5 32 Good, Good 2.i% 100% 02
Marked edema of

penis due. to
stricture of suit,
edema, of feet

6 35 Good Good 4.34% 1.00% 02

7 42 Good Good 1.,85% 20% 02

8 46 Good Good 4.68% 20% 02

18



TABLE II

ANALYSIS OF PHYSIOLOGICAL DATA
(20% Oxygen, 14.7 psi, 80 0 F, 50% RH)

Test Subject
Measure No. No. Sex N Range Mean SD

Heart Rate
Beats/Mm 1 82 M 62 75-189 113.0 30.12

2 35 F. 62 84-174 106.5 21.12

7 42 M 61 77-132 108.3 11.86

8 46 F 62 63-117 80.9 14.70

Respiration
Breaths/Min. 1 32 M 62 18-62 33.0 13.42

2 35 F 62 24-48 32.7 5,72

7 42 M 59 16-32 26.9 2.31

8 46 F 62 12-45 24.7 7.66

Skin Temp.
Detpree F. 1 :32 M 62 9W. 8-101. 3 97.0 1.84

2 .35 F 62 95.4-98,8 96.6 .843

7 42 M: 61 96.5-100.0 98.1 1.17

8 46 F 62 97.4-100.2 98.2 .670

Rectal Temp.
Degrees F. 1 32 M, 11 99.6-100.6 99.9 .249

2 35 F 62 98.6-100.6 99.4 .633

7 42 M 62 98.3-101.0 99.5 .918

8 46 F 62 098.6-100.3 99.4 .612
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TABLE III

ANALYSIS OF PHYSIOLOGICAL DATA
(100% Oxygen, 14.7 psi, 80 0 F, 50% RH)

Test Subject
Measure No. No. Sex N Range Mean SD

Heart Rate
Beats/Min. 5 32 M 61 72-147 97.4 20.57

6 35 F 62 71-137 88.2 13.27

3 42 H 62 60-129 81.8 12.00

4 46 F 61 62-135 76.2 13,4

Respiration

Breaths/Min. 5 32 M 62 21-78 37.0 15.18

6 35 F 62 24-49 31.9 5.10

3 42 M 62 21-56 30.6 7.55

4 46 F 62 16-48 23.3 5.49

Skin Temp.

Degrees F. 5 32 -M 62 96.9-101.8 98.6 1.50

6: 35 F 62 97.8-100.1 98.5 .621

3 42 H 62 96.1-98.6 97.2 .881

4 46 F 62 96.6-99.0 97,4 .728

Rectal Temp.
Degrees F. 5 32 M 10 98.6-99.5 98.9 .230

6 35 F 62 98,0-100.0 98.8 .642

3 42 N 62 99.9-101.3 99.9 .741

4 46 F 62 99.4-101.8 100.0 .743
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TABLE IV

RESULTS OF t TEST ON PHYSIOLOGICAL MEASURES
(14.7 psi, 80 0 F, 50% RH)

Mean
Difference

Subject Tests 20% vs. SEm SE m
Measure No., No. 100% 0 20% 100% t

Heart Rate
Beats/Min 32 1-5 15.6 3.827 2.633 3.53**

35 2-6 18.3 2.683 1.686 3.317**

42 7-3 261.5 1.518 1.524 2.223*

46 8-4 4.7 1.867 1.718 4.757*

Respiration
Breaths/Min. 32 1-5 -4.0 1.705 1.928 3..38h*

35 2-6 0.8 .726 .648 1.46

42 7-3 -3,.7 .300 .959 1.12

46 8.-4, 1.4 .973 .9302 1.91*

Skin Temp.
Deprees F. 32 1-5 -1.6 .233 .190 21.47**

35 2-6 -1.9 .1071 .789 10.80**

42 7-3 0.9 .149 .1119 14.14*ý*

46 8-4 0.8 .085 .925 11.5**

Rectal Temp.
Degrees F. 32 1-5 1.0 .075 .0727 2.16*

35 2-6 0.6 .0804 .8-157 13.52**

42 7-3 -0.4 .1166 .0941 6.07**

46 8-W -0.6 .0777 .0601 10.24**

*P < .05

** P < .01

1 - SE m (Standard Error of Mean)
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1
Appendix III contains graphs of the physiological and

environmental data for each of the tests. The environmental
parameters plotted concurrently with the physiological ones
were chamber temperature, 0CO, and /O. Pressure and
relative humidity remained within established limits (760 mm
Hg + 1 mm Hg, 50% relative humidity + 5%).

Figure 9 presents a composite graph of physiological data
derived from the four control tests, i.e., at 760 mm Hg, 2016 02.
Figure 10 presents a composite graph of physiological data
derived from the four experimental tests, i.e., at 760 mm Hg,
100/0 02. The solid curves connect points which are the arith-
metic mean for comparable successive 15 minute readings for
each chimpanzee for its respective 15 hour and 15 minute test
periods. Since it was not possible to start all tests at precisely
the'same time of day, it was necessary to plot the composite
data in terms of hypothetical starting time of 1000 hours.

It is apparent from the rectal temperature curves of Fig-
ures 9 and 10 that a diurnal cycle in the chimpanzee is evident.
The skin temperatures of the chimpanzees in these tests average
approximately 1 to Z°F below that of the rectal temperatures.

Tables V and VI contain statistical summaries of the average
physiological measures obtained from the four animals in 20%1o
02 control conditions and the same four animals in 100 02
test conditions. It will be noted that the mean heart rate is
higher in the 201 02 vs. 100%6 0?. Respiration and rectal and
skin temperatures are slightly higher in the 100%6 02 condition.

TABLE V

SUMMARY OF PHYSIOLOGICAL MEASURES

(20% Oxygen, 14.7 psi, 800Fj 50% RH)

Measure N Range Mean SD

Heart Rate
Beats/Min. 247 63-189 102.1 24.2

Respiration
Breaths/Min 245 12-62 29.4 8.96

Skin Temp.
Degrees F. 247 94.8-101.3 97.47 1A549

Rectal Temp.
Deg•ees F. 197 98.3-101.0 99.50 .774

22



II
TABLE VI

SUMMARY OF PHYSIOLOGICAL MEASURES

(100% Oxygen, 14.7 psi, 800 F9, 50% RH)

Measure N, Range Mean SD

Heart Rate
Beats/Min 246 60-1147 86.0 16.537

Respiration
Breaiths/Min. 248 16-"48 30.7 10,.48

Skin Temp.
Degrees F. 2N8 96.1-101.8 97.90 1.216

Rectal Temp.
Degrees F. 196 98.6-101.8 99.53 1.1

Page 86, Appendix III, provides an overall summary of the
tests conducted in 20% vs. 10016 02 and summarizes the mean
difference of 20%0 vs. 100% 02, standard error of mean differ-
ence, and the results of It" testing on the inter-animal analyses
of the physiological measures. Only the heart and respiration
rates exhibit statistically significant differences (0.00 1 level):
in the two environments.

Figure 11 presents composite graphs of physiological data
obtained from the means of the fifteen minute pre- during, and
post- "work periods" for the five "work sessions" from each of
the four control tests and four experimental tests in 100% O.
With the exception of the first session, the mean heart rate was
higher in the 20%6 oxygen environment. In the fifth session in
the 20%6 oxygen environment the heart rate was the greatest
during the post "work period," while all other heart rates both
in the 20% and 10016 oxygen environment were highest during the
work period. Respiration rates averaged higher in 20%6 oxygen
during the first session, but in all other sessions they were
higher in 1001% oxygen. Rectal temperature remained consis-
tently higher in the 100f0 oxygen environment. Average skin
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temperatures during the Z201 0 test exhibited Very little dif-
ference from the 100 02 test iuring session one and two but
higher readings were maintained in 10016 0? for the remaining
"three sessions.

Appendix V contains graphs of the physiological data from
both 20%6 and 100% 02 tests for each animal showing the means
for the five "work sessions" (pre, during, post). On animal
No. 46, during the first session, the 15 minute post-mean for
respiration is absent. This was due to the respiration tracing
being illegible. Rectal temperatures were not recorded in
the test period in 100%o oxygen for animal No. 32. The probe
was inadvertently expelled from the rectum prior to the first
session in 100aen oxygen. Appendix IV contains graphs of the fi-
physiological data for each of the five "work periods" for each
to St.

Tables VII and VIII depict hematological and urinalysis

data. Absolute polymorphonuclear leukocyte and "mononuclear"
concentrations were determined by percentage calculation, as
observed on 200 counted white blood cells on a Wright's stained

smear. Lymphocytes are often difficult or impossible to dis-
tinguish from monocytes in chimpanzee blood. They have thus
been lumped together as "mononuclears" for our purposes.
The hematological data obtained from subject No. 4Z is essen-
tially worthless due to clotting of the pre-run oxalated blood
sample prior to this subject's 100%6 oxygen test period. Only
that data which would be considered abnormal is tabulated from
each pre- and post-test urinalysis.

Immediate pre- and post-test serum biochemical levels
are recorded in Table IX. Table X exhibits the 17-hydroxy
corticosteroid excretion during each. 15 hour and 15 minute
test calculated on a 24-hour basis.

Hematological and serum biochemical values from each
of the four chimpanzee subjects for a period of 12 months
prior to, and 6 months following their use as subjects for these
chamber tests were analyzed. The ranges and medians of
these values are recorded in Appendix VI. Only those values
obtained from blood samples taken for routine hematologiCal
and serum biochemical determinations were used in these
analyses. Results from those blood studies done because the
animal was clinically ill or when that particular animal was
used as a subject for other experiments were not incorporated
into this data. "N" signifies the number of values from: which
each individual range and median were calculated.
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TABLE VII

HEMATOLOGY

Venous Blood
Hemo- 02 0

Subject No. RBC globin Hcrit Retics Content Capacity
Environment Mil/mm3 pm % % % RBC Vol% Vol %

No. 32
20% 02
Pre 5.82 15.2* 48* 0.1 14.1 20.4
Post 4.70 1*4.1 45 1.3 7.9 21.0

100% 02
Pre. 5.50 13.0 43 0.7 16.0 21.5
Post 4.20 14.1 45 0.1 1.9 22.a4'

No. 25
20% 02
Pre 3.13** 12.6 40r 0.35 10.6 19.3
Post 4.16 11.9 39 - 5.5 17.3

100%,o2
Pre 3.84* 13.0 41 0.15 clotted clotted
Post 4.90 13.O 41 0.3 8.0 21.8

No. *42
20% 02
Pre *4.00* 1*4.1 45 0.3 11.0 19.0
Post 4.69 14.1 44 - 8.6 20.3

100% 02
Pre clotted clotted clotted clotted clotted clotted
Post 5,2*4 1*44 46 0.05 -

No. 46
20% 02
Pre 3,77* 13.0* 41 0.3 13.6 21.2
Post 3.64* 13.0* 41 0.15 clotted 19..6

100% 02
Pre 6.31 15.2 48 1.05 19.8 27.4
Post 5.62 13.7 43 - 7.4 20.0

* Concentration above or below the usual range of this particular
animal.

** The reliability of this value, although duplicated, is doubtful
because of suspected partial clotting of the specimen.
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TABLE VIII

HEMATALOGY (CONTINUED) AND URINALYSES

Immature 14ono- SodSubject No. WBC Polys& Polys nuclear.. EOsin Rate
fEnvironment /am3 / = 3  /a wa/hr "Orine

ýNo. 32
,20, 020Pre 2 22o400* 14907* 13147* 5459 38* 6* WBC: 1-3

Post 11625 6452 291 1463* 57i -6 Negative

100% 02
Pre 12400 6014 124 6138 231. 12 NBC: rare
Poet 16055 6901 6182 6670 143 6 VBCg : c.,

.RDC many

No. 35
20% 02
IPre 41700* 30034* 5000* 6017 1013* 165* Castst ccc
Poet 21800 16132i 654 4796 18* 1* WNK: 1-2,

RUC: ooo.

100% 02
Pro 16800 5628 24.4* i0152* 55- 74 NBC: 0@@

Poet 7150* 1190". 12867* 612 - NBCS 20-30:
Ab: 1+

No. 42
20% 022%2 15300 6579 1450* 7268 613 i NBC: *cc

Poet 12060 5798 1087 5,132 .5-20
BC: 5-6

Catst•e ct

100% 02
lPe. Clotted Clotted ClOtted Clotted Clotted Clotted Negative
Poet W150 1712 41 5909 - 12 NBC: o00

RBC: occ
Cants:
Alb:'. 1+

No. 1'
120% 02
Pile 23075* 18229* 1500* 2423* 28* 34* BC:1 15-20.

Alb: it
Post 181450 10516 185 7288 680* 25* NBC: 15-20

100% 02
,Pr 23750* 18525* 2256* 2850 230 11 WBC:, rare

Casts: rem
Post 29550* 199406* 2660* 69144 55* 10 No specimen

*Concentration above or below the usual range of this particular animal.
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TrABLE Ix

SERUM BIOCHEMICAL LEVES - VENOUS-BLOOD

Subject NO. '00, K. N Cl UreaP N TtallPro- Ctaativizw Ca P
Eqviwauseni Za ER 4 L S~qIR& OWqL PH W4g% I u~p ULU Smg asI MA x%

No. 32
20% 02
pre si.8 4.7 147 100.5 7.25* 9.3 7. g* 1. 3* 11.5* 3. S&
Post 62.0 5.50* 155* 101.0 7. 31* 10.7 S. 2* 1.5 11.S 3* t7*

160% 02
pre 56.2 5.0* 14.2 101.5 7.410 9.1 7.*g* 1.5*b 11.9* m&6*
Post 43.0 5.10) 145 100.0 7*33* 9.2 7.2 1.'. fl**

No. 35
20% 02
Pie 62.7* 4.7* 140* 101.0 7.24W 13.0 6.0 l. 54 10.6 18.
Post 69.2* 4,7* 11.4 100.0 7.40 12.6 6.1 1.0* 11.1*. 3.17

100% 02
POO 69. 1* 9. 3*a 11.1 101.Q 7.7* 12.0 7.7 1.F4 10.6 3.1.
pout 63.0* 20.2** 11.5* 90.7 7.40* 10.0 $.a . 10.8 3.5

so, 42
20% 02,

Pr, 06. 5.0 146* 102.0 7.26* 6.0* 7.5 1.90' 10.1 14.0
Pot607 300 146 1*3.0 7.36 9.0* 7.60 2.6 .6 4.2*

IN0% 0 2 1. .Pro 54.2 5.0 1e$ 1005 .3 7.3 704 loe.6x .
post 59.2 5.10 117 102.0 T.411 6.00 1.6 1.6* 101 .

20% 021.0 1. 3.
pre 66.2k 4.5 142 100.0 7.46 6.5 7.2 si .04 3.
post 66.1* 5,0 11.2 101.2 7*380 9.2 7.1 1.:7* 10. 3.7

Pro 61.0 14.5 136 64.5 7.1.7 8.3 7.5 1.5 10.7 3.7
poet 52.2 5.1* 144 96.0 7.27* 9.2 7.5 1.7* 10.2 3.5

*ComoentiatLou or level abmove s belowe the usual rmane of thide particular anivam

**TM"e values wove Omlicatod several time. ad, no daabt represent oowtinamation. Ow the dam following
the test, &.ar us e*2a hm tWe udall ejilbited a potaueIu of, 3.6 sq/L..
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TABLE X

17-HYDROXY CORTICOSTEROID EXCRETION

Subject 17-OH Corticosteroids
No. Excretion/24 Hours* Remarks

No. 32
20% 02 2.1 mg/24 hrs Urine Volume: 150 ml (feces present)Edema of penis post-test

Urinated "copiously" 1 hr post-test

100% 02 7.4 mg/24 hrs Urine volume: 700 ml
Edema pf penis post-test.

No. 35
20% 02 11.4 mg/24 hrs Urine volume: 1000 ml collected but

unable to catheterize

100% 02 4.4 mg/24 hrs Urine volume: 550 ml but some urine
loSs due to leakage, around catheter

No. 42
20%. 02 9.0 mg/24 hrs Urine volume: 1000 ml

100% 0'2 6.8r mg/24. hrs Urine volume: 1000 ml

No. 46
20% 02 2.1 mg/24 hrs Urine volume: 150 ml

100% 02 3.3 mg/24 hrs Urine volume: 300 ml
Subj'ect lacerated finger during test

* Calculated from 15-hour and 15-minute collections and extrapolated
to a 24-hour value.
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IV. DISCUSSION

The effects of breathing high concentrations of oxygen
for prolonged periods of time have been studied by many inves-
tigators with a variety of animals including frogs, turtles,
pigeons, mice, rats, guinea pigs, cats, dogs and monkeys (Ref. 3).
Practically all of these investigations have reported the occur-
rence of irritation, congestion, edema of the lungs, and even
death following long exposures. The time at which symptoms
appear varies considerably from one species to another, and
there is also a wide variation of susceptibility from one indi-
vidual of a species to another (Ref. 8, 16, 18). Hence it was of
interest to conduct a series of experinments with the chimpan-
zee to determine as quantitatively as possible whether breathing
100% oxygen at 760 mm Hg for 15 hours is deleterious, since
this could conceivably be the environment and time period of
the count-down prior to the chimpanzee"s being launched into
space.

A. Environmental Parameters

Environmental conditions were maintained throughout
the test with minor deviations from the parameters defined in
the experimental protocol (Appendix I). The following ranges
were closely adhered to in the chamber: 80aF * I"F, S0%
RH h 51o, COz not greater than .05%6, Oz * 1% of desired con-
centration, and pressure * 1 mm Hg. Although instrumentation
was not provided to measure oxygen consumption, it appears
that oxygen consumption from the oxygen bottle pressure
change s was from 1, to 1.5 cubict feet per hour,. Leakage from
the chamber's system was insignficnt.

B. Instrumentation

Minor instrumentation difficulties were encountered
during the test series. Between 1345 hours and 1400 hours
of the first test, the skin temperature teletherm unit became
erratic and had to be changed (chart No. 1, Appendix II). This
"explains the decrease in skin temperature.

During Test No. 4, 28 minutes of information was
lost on magnetic tape caused by a defective direct record
amplifier. However, data were recorded on Sanborn paper.
This loss of information in no way hindered the outcome of
the test. During Test No. 7, ECG leads II and IIM were discon-
nected since they were interfering. with the tracing from lead L
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This test was interrupted after 13 hours and 41 minutes when
the respiration readout was lost. ,it.,was discovered on opening
the chamber door that the subject had disconnectpd wires
inside the chamber. Repairs were made and the test was
reiumed to completion.,

C. Physiological Parameters

1. Clinical Examination

None of the toxic signs of breathing 100% OZ
were detected in the four subjects. No lung changes could be
detected either on auscultation or with X-ray. Two subjects,
No. 35 and No. 46, were coughing when the chamber door was
opened, but breath sounds, and X-rays remained unremarkable
on follow-up examinations. Comroe et al. point out that roent-
genograms would not detect minor pneumonic lesions (Re f. 6).

2.' Heart Rate

Heart rate data indicated that a significant slowing

of the heart occurred in the 100% 02 environment as compared
to an air environment. Bean (Ref. 3) and Stadie et al. (Ref. 2)
conclude from extensive search of the literatureM-a-the evi-
dence leaves little doubt that breathing 02 or hyperoxygenated
air at atmospheric pressure predisposes o a bradycardia.

3. Respiration

Respiration data indicated that a slight increase
in respiration rate occurred in the 100 02z environment.
Neither dyspnea nor hyperpnea was noted by observers during
the tests. Bean points out (Ref. 3) that the lack of unanimity
among the various reports concerning the: effects of 02 admin-
istration on breathing may, perhaps, be attributable to various
influences which make comparison of the reported effects and
'final conclusion difficult, if not impossible. The more reliable
evidence indicates these changes are not marked and may be
readily masked by techniques employed in administration and
measurement. Becker-Freyseng and Clamann, serving as
their own experimental subjects, could detect no consistent
change in respiration in 0.9 atmospheres of oxygen for 60 hours
(Ref. 15). Stadie et al. concluded that oxygen appears to'be lose
irritating to the r"es~p-ratory system of man than that of other
species (Ref. 2)..
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4. Rectal and Medial Thigh Skin Tempera~ures

There was no difference noted from the overall
inter-animal statistical evaluation of rectal and skin tempera-
tures in the 100%6 OZ environment. Tables V and VI show that
the slight increases in mean rectal and skin temperatures in
100%0 O, when compared with 20%e O, was not statistically
significant. Thus, this fails to confirm the findings of other
workers. Bert found that animals exposed to pressures of
oxygen at one atmosphere exhibited a fall in body temperature
(Ref. 1). Hill and Macleod observed that oxygen at or above
one atmosphere lowered the body temperature in mice, rats,
and young rabbits (Ref. 16). Becker-Freyseng and Clamann
observed a lowering of their body temperature during the first
24 hours of exposure to 90% 02 at atmospheric pressure
(Ref. 15). Ohlsson observed that the body temperature of
human subjects showed no change that could be interpreted as
due to exposure to oxygen after continuous exposure for 53-57
hours to 78-88%1 oxygen (Ref. 4).

Archibald and Ward noted in their temperature-
humidity tolerance studies that the high point of the diurnal
temperature cycle in chimpanzees occurs around noon and the
low pointat about midnight (Ref. 13). The result from these
tests show that the high point of the measured cycles occurs
around 1.545 hours for skin temperature and 1400 hours for
rectal temperature; and the low point occurred around 2200
hours for both rectal and skin temperature. The difference
between skin and rectal temperature at the high points may
possibly be explained by the erratic readings from the defective
teletherm used in test one. Since the animals were required to
perform psychomotor tasks during thse. tests, the true diurnal
cycle, was' possibly masked.

5. Body Weight

Three out of four animals lost an essentially
equal proportion of their body weights in the two environments
(see Table I). Subject No. 46 lost the most weight in the 20% 02
environment. It was interesting to note that subject No. 32 lost
equal amounts of body weight in both tests. In one test he in-
gested no water while in the other he consumed approximately
one liter. This acute loss of body weight is due to dehydration.
Adolph states that a loss of 1% of the body water of man causes
a noticeable disturbance and that a 5% loss in body weight indi-
cates serious dehydration (Ref.. 17). The results from this test
did not agree with Adolph in that the chimpansee was in good
physical condition. upon post-physical ea inatior
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I:
f6, Work Session

Although not in tabular form, the grand mean heart
rate of all work sessions in 1001o OZ shows a marked decrease
from that in 20%/ 02 tests. There was a slight increase in
respiration: rate and in rectal and skin temperature0 in the
100% 0Z tests. This. was comparable to the overall. evaluation
of the 15 minute readings in both environments (Tables V and

a. Heart Rate

From the overall analysis of the means
during each session (Fig. 11), heart rate was the highest during
the work period with the exception of tlie fifth session in 20%•
02, when it was highest during the 15 minute post-work period.
Two animals, No. 32 and No. 42 (Appendix V), exhibited the
highest reading during the post-work period (20% 0), account-
ing for the elevated mean value. There was a relative brady-
cardia in 100% oxygen.

b. Respiration

The respiration rate was slightly higher
during work sessions except for the first session where respi-
ration was higher in the 100%6 02 environment.

c. Rectal Temperature

With the exception of the first session, rectal
temperature increased slightly in most instances during the
post-work period, and it was the highest in the 100% O environ-
ment.

d. Skin Temperature

Skin temperature from three of the five ses-
sions was higher in 100% 02 environment.

D. Blood and Urine Analyses

The hematological response to breathing high concen-
trations -of oxygen at sea level pressures has been thoroughly
documented. lt would seem that Ohlsson's (Ref. 4)ý conception
of these blood :changes occurring in three successive and well
defined stages has some merit. His review cites investigations
with both, human and animal subjects that exhibited a rapiddecrease in erythrocyte concentration after exposure to pure-
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oxygen. This first stage is reflected by a fall in the hemoglobin
concentration within 15 minutes of breathing oxygen and persists
for up to a few hours. This stage is followed by pne lasting up
to 48 hours, during which the formed elements of the blood return
to and remain at normal levels. The third stage coincides with
the development of demonstrable lung pathology and consists
of a hemoconcentration which persists throughout the terminal
period until death ensues. The increase in the oxygen-carrying
capacity of blood described (Ref. 8) in dogs respiring high
concentrations of oxygen until lung pathology becomes evident,
probably reflects this hemoconcentration. This hernoconcen-

tration does not occur in a 100% oxygen environment if the total
gaseous pressure approximates that of the partial pressure of
oxygen at sea level; this same environment produces no pathology
over long periods of time in man (Ref. 24) or in rats (Ref. 25).

Probably the most comparable study to this one is that
of Comroe et al. (Ref. 6) who did hematological studies on many
healthy, young men before and following 24-hour exposures to
100% oxygen at one atmosphere; They were unable to find a y
significant changes in the hematocrit or in hemoglobin, erythro-
cyte, and leukocyte concentrations (Ohlsson's second stage).
Behnke et al. (Ref. 21) did record a definite trend toward a
leukocytosl'ein human subjects ,in a similar atmosphere,. but
their experiments were of much shorter duration and there wast
no attempt towards establishing controls.

Karener (Ref. 19) described no consistent alteration in
the peripheral blood concentrations of erythrocytes, leukocytes,
and hemoglobin of rabbits exposed to 80-96% oxygen at one
atmosphere, even in those animals which had reached the
pathology-demonstrable, terminal stage. Campbell (Ref. 20)
observed a significant and sustained drop in hemoglobin and'
erythrocyte concentrations, in rabbits, but in his experiments
the oxygen content of the inspired air was not sufficient to cause
any lung pathology, even after several days, (hlsson (Ref. 4)
could demonstrate no consistent hematological change in human
subjects breathing 82-84% oxygen at one atmosphere for 53 hours.

Chemical studies of tissues of animals subjected to
increased tensions of oxygen have been limited. There is a
including the venous blood of such subjects (Re? 4, 20, 22, 23).

Probably a concomitant result of the hemoconcentration is the
slight rise (Ref. 4, 8) in blood non-protein nitrogen and serum
proteins coincident with a high oxygen environment. Ohloson
recorded (Ref., 4) a rather marked increase Iin- serum total base
concentration in two human subjects after two days, in, 8.244%
oxygen at atmospheric pressures.

36



Rather marked alterations in both the, hematological
and serum biochemical values are evident on cursory exami-
nation of Tables VII, VIII, and IX. Thus it would appear that
a 20%j oxygen environment invariably was accompanied by a
decrease in total circulating leukocyte concentrations, whereas
a 100%6 oxygen environment usually caused the opposite. Closer
scrutiny of the values, especially when compared to the median
and range of white blood cell concentrations (see Appendix VI),
revealed that the total white blood cell counts were abnormally
increased at the beginning of most of the experiments. In fact,
hematological and serum biochemical values were more often
outside of the recorded ranges (Appendix VI) for each individual
chimpanzee (see figures marked with an asterisk in Tables VII,
VIII, and IX) prior to the 15 hour and 15 minutes experiments
than immediately upon removal from the chamber environment.
Less significance is in this way attached to the several apparent
reverse tendencies in the two environments, e.g., that of the
beginning leukocytosis returning towards normal levels, as
reflected mainly in mature and immature polymorphonuclear
leukocytes, in the 20% oxygen, and the tendency in the 100%6
oxygen for the animals to exhibit a lymphocytosis. Similar
statements can be made concerning some apparent tendencies
in serum biochemical changes.

Probably a better means of illustrating how these
many apparently significant tendencies really amount to nothing
is a chart included within Appendix VI. This, chart exhibits all
directions of possibly significant changes between pre- and
post~.test blood samples of the hematological and serum bio-
chemical values. Since those directional changes from pre-test
levels outside of the recorded range for each individual animal
(suggesting much pre-test stress) could be attributed as well
to a healthy environment as an unhealthy one causing blood
alterations, these changes must not be considered. These
changes are thus given no more weight in the Appendix VI chart
than those values which evidenced no essential- change during
the 15 hour and 15 minute restraint period. It can be readily
appreciated from this chart that no consistent hematological
or serum biochemical change was demonstrated with restraint
in either a 100%6 or 20%6 oxygen environment at 14.7 psi.

Table VII exhibits data on percent (of total red blood
cells) reticulocytes as well as oxygen content and capacity
(determined by manometric means) of venous blood samples;

Sthere is not enough information on these variables to speak oftheir normal ranges in these particular animals. However, no

tendency in either direction occurred with these: variables in
either oxygen environment.
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The same may be said for the urinalysis data recorded
in Table VMI. There would occasionally appear to be more
cells in the post-experiment sample, but this could very well
have resulted from urinary bladder catheterization.

Excretion of 17-OH corticosterolds exhibited rather
marked changes in the two oxygen environments; however, the
directional change in excretion varied. The quantitative excre-
tions of these steroids were well within the normal limits estab-
lished in our laboratories for restrained chimpanzees.

It can be appreciated that the unfortunate limitation
of numbers of experiments on a limited number of chimpanzee
subjects might readily lend insignificance to many measurable
changes which, were greater numbers of subjects used in the
design of this study, may have proved significant. Unlike the
evaluation of continuous recordings of physiological data, this
is particularly the situation in evaluating hematological and
serum biochemical changes, since these evaluations perforce
must be made from the analysis of a restricted number of
specimens. Moreover, the characters of the formed and chemi-
cal constituents of blood at any one time are determinod not
only by the effects of any particular: controlled variable in the
animal's environment, but are subject to many subtle and more
difficultly controlled variables such as the conditions and time
of animal restraint prior to the drawing of the sample, incalcu-
lable anxiety of the subject at the time the specimen- is obtained,
etc.

Further, it must be stressed that many poorly con-
trolled factors are at work from the time the blood samples
are taken until the specific determinations are performed on
them. These factors are notorious for going unnoticed in all
studies similar to this one and include difficulty in obtaining
sufficient blood samples, requiring, occasionally, several inde-
pendent venipunctures, changeable concentrations of elements
in venous blood samples secondary to variabilities in time of
tourniquet compression, variable conditions and time in trans-
port of blood samples to the laboratory, and the variations
inherent in the technical determinations themselves.

Every means was used to control these and other
variables. Thus, all hematological and biochemical determi-
nations were duplicated, and all values, even the apparently
aberrant ones., were reproduced closely. Sera were separated
from their clot exactly 45 minutes following the venipuncture.
Those determinations which have been shown to change rapidly
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with time, such as platelet counts, serum pH, serum COZ, and
blood 02, were performed within two hours after the receipt
of the specimen in the laboratory.

It can be stated, however, that the most poorly con-
trolled variable and the one most reflected in the total blood
picture was that of the invariably prolonged preparation to
which each animal was subjected prior to each experiment. If
no other significance has been shown in these blood studies,
they do serve tW point up how liable these chimpanzee blood
values are to the effects of handling and instrumentation pro-
cedures. These pre-experiment factors might very well be
borne in mind in assessing the physiological measures as well.

V. CONCLUSIONS

Restraint and isolation of immature chimpanzees in a 100%0
oxygen environment caused a relative bradycardia and tachypnea
compared to those rates in the same animals in a 20% oxygen
environment. Changes in the other physiological parameters
measured, varied inconsistently in the two environments; how-
ever, body temperature exhibited a diurnal variation.

Appreciation of many other possible subtle differences in
physiological alterations within the two oxygen environments
was made difficult by the fact that the subjects in many of the
tests evidenced much greater indications of stress at the be-
ginning of the experiments than toward its termination. The
physical and psychological traumas associated with the one or
more hours necessary for instrumentation, suiting, and final
restraining of each animal subject were no doubt the cause of
many of the abnormal physiological, hematological, and serum
biochemical values at the beginning of the experiments. It is
fair to state, however, that an immature chiinpanzee can toler-ate well a 16010 oxygen environment physiologically, hematologi-cally, and biochemically for 15 hours and 15 minutes.
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APPENDIX I

Experimental Protocol*

#Experimental Protocol, Chimpanzee Tolerance Studies of Breathing
100% Oxygen at 15 PSI. Project 6892 - Bio-Medical Test and
Techniques for Advanced Vehicles. Task 689202'- Altered Environ-
ments for Biological Specimens. Report dated August 1961. by
Thomas L. Gleason, III, Captain, USAF, MSC.
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I. INTRODUCTION

Based on the existing commitment of Aeromedical Field
Laboratory to support Project ABC, an investigation is requested
to determine the effects of chimpanzee breathing 100% oxygen.at
760 mm Hg (15 psi) for 15 hours. This will simulate the environ-
ment that the chimpanzee will be subjected to during the count-
down time before the orbital shot.

II. TEST OBJECTIVES

The objective of this series of tests is to determine the
deleterious effect of 100% oxygen on the chimpanzee at 760 mm
Hg (15 psi) by the evaluation of physiological and psychomotor
performance data.

III. REQUIREMENTS

Instrumentation Support

A. Instrumentation will be. provided to sense, monitor,
and record the following parameters from chimpanzee subjects:

1. On magnetic tape

a. ECG I, II, and III

b. Respiration - copper sulfate sensor

c. Skin temperature

d. Rectal temperature

e. Four channels psychomotor

f. Programmer

g. Time

h. Voice

2. On Sanborn

a. ECG I and III

b. Respiration - copper sulfate sensor

c. Four channels of psychomotor

d. Time
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3. Rectal and skin temperatures teletherm (manual
readout)

B. Chamber temperature and relative humidity (RH), oxygen,
carbon dioxide values will be sensed, recorded, and controlled
within the following limits:

1. Temperature: 80°F * 1°F

2. Relative humidity: 50% ± 5%

3. Pressure: 760 mm Hg 1 mm Hg

4. Atmosphere: 20% 02 ± 1%, 100% 02 1 1%

5. C02 : 0.5% * .05%

C. A block diagram of the instrwuentation to be used in
these tests is shown in Figure 1.

IV. RESPONSIBILITIES

A. Captain Gleason will have responsibility for overall
supervision and conducting of the tests. He will be assisted
by Captain Roper. Evaluation of physiological data, psychomotor
data and the preparation of reports will be the joint responsi-!
bility of the Physiology Section and Comparative Psychology
Branch. Data reduction for the physiological data will be
accomplished by Computation Division (MDRGC). The type of
instrumentationto be used will be determined jointly by-the
Chiefs of Astroecology, Bioinstrumentation and-Comparative'Psy-i chology Branches.

B. Land-Air, Inc.

1. Land-Air will be utilized to install, calibrate,
check out,'monitor and maintain physiological monitoring instru-
mentation. They will furnish the necessary personnel to provide
this service.

2. Still and Cine photographic coverage, both black
and white and color, will be required to-document any malfunction
of equipment and to provide a visual record of chimpanzee behavior.

C. Environmental Test Section

1. Furnish G. E. chamber program, and maintain the
followinp environmental parameters:
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a. Temperature-humidity 80OF -50% RH

b. 760 mm Hg (15 psi)

c. Gaseous environment: Four tests at 20% 02;'
four tests at: 100% 020

d. Monitor CO2 level and record 02 levels

D. Veterinary Services Branch will:

1. Perform subject pre- and post-test physical exami-
nations. Attach physiological sensors and aid in restraint of
the subjects. Physical examinations will include chest x-rays
(pre and post). One veterinarian will ,be on call during each
flight for immediate. consultation. A veterinary technician will
be on duty for duration of test. The Veterinary Services Branch
has sole responsibility for the well-being of the animal subject.

2. Collect, process and perform preliminary analyses
of blood and urine samples in accordance with the following
instructions.

a. Instructions for collection schedule for
metabolic profile urine samples: Collect the following urine
samples and deposit them in Clinical Laboratory in Building 1200:

(1) Pre-run urine, obtained at preliminary
catheterization one hour pre-test. This sample will be collected
in a clean, dry container and labelled "Pre-tcst Sample for
Urinalysis,," and with the subject's number, time and date. A
urinalysis will be performed on this specimen.

(2)ý Experimental sample, obtained via an
indwelling catheter following collection of the "Pre-test Urinary

Sample" to include the entire 15-hour experimental urinary excre-
tion. This sample will be collected in a glass or polyethylene
container (of at least 600 cc capacity) to which has been added
50 cc's of 1 N HCL. This sample. will be removed as soon as the
experiment is over and transferr~d to a clean, dry polyethylene
container labelled, "Experimental Sample for Steroids" and with
the subject's number, the exact time period of collection andr
date. The catheter will be left indwelling. Quantitative
steroid determinations will be performed on this specimen.

(3) Post-run sample, obtained during the onehour period following the collection of the "Experimental Sample.'"
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This sample will be collected in a clean, dry container labelled
"Post-test Sample for Urinalysis" and with the subject's number,
time period of collection and date. A urinalysis'will be per-
formed on this-specimen. The urinary catheter will now be
removed.

b. Collect the following blood samples and deposit
them in the Clinical Laboratory in Building 1200:

(1) Pre-test samples. These samples of blood
will be collected immediately prior to closing the chamber before
the experiment , There will be three pre-test blood samples:

(a) Three cc's of oxalated venous blood
with which a complete blood count will .be performed.

(b) Five: cc's of venous blood will be
collected and allowed to clot under oil. Biochemical analyses
will be performed on the serum of this sample.

(c) Four. cover-slip smears will be made
from non oxalated venous blood. Blood morphology will be studied
from these smears.

(d) Five cc's of oxalated venous blood
will be drawn in an oiled syringe and transferred to a tube con-
taining oil. Blood oxygen will be performed on this specimen.

(2) Post-test samples.. These samples of
blood will be collected immediately following the opening of the
chamber after the experiment, There will be four post-test
blood samples collected as outlined under b, (l)(a), (b), (c),
and (d) above.

(3) All blood samples will be labelled with
the subject's number, time and date of collection.

3. Obtain chest x-rays 24 hours post-test. A 24-hour
•post-test follow-up venous blood specimen should be obtained
for analyses in all subjects exhibiting 24-hour persistence or
formation of any shadows suggestive of pathology on chest x-ray
in accordance with 2, bi (1)(a)1- (c).

E. Comparative Psychology Branch

1. This branch will furnish one project officer, and

two psychology aides per test.,
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2. Furnish normal chimpanzees (see Figure 2) that
are restraint adapted to sit quietly for periods up to 24 hours,
and are trained for continuous and, d'.screte avoidance test.

3, Collection and evaluation of psychomotor data
(continuous and discrete avoidance test) will be the responsi-
bility of this branch,.:

DAY G.E. CHAMBER 100% 02 G.E. CHAMBER 20% 02

23 October Paleface

2.5 October Elvis

27 October Roscoe

30- October Minnie

1 November Paleface

3 November Elvis

6 November Roscoe

8 November Minnie

Figure 2. Test Schedule (Conditions)

V. TEST SCHEDULE GENERAL

One chimpanzee subject will be used on each chamber flight.
Oone. 15-hour chamber flight will be conducted per day, in accord-
ance with schedule listed in Figure 2. Subject will be used
in the G. E. chamber at 760 mm Hp. (80°F - 50% R.H.), breathing
ambient air (20%) and 100% oxygen in accordance with schedule
listed in Figure 2.

V1. DETAILED TEST PROCEDURE

A. Pre-test

1. Completed physical examination of each subject.

.X-raysof 5ungs. AP and lateral
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3. Restraint and sensor attachments

a. ECG electrodes (ECG reading: '3 standard leads)

bi Respiration sensor

C. Thermal sensors

(1) Rectal temperature thermistor

(2) Skin temperature thermistors (one
medial thigh)

4. Preparation of animal: The day prior to each test:,
the subject should be shaved in a band .15 cm wide from the arm-
pits downward, completely around his body. The left thigh should

Sbe completely shaved from the groin downward for 10 cm.

5. Check continuity and function of instrumentation

at chamber.,

B. Test

1. Catheterization of bladder. Save obtained speci-
men. Connect catheter to collection container.

2., Install subject into G. E., chamber.

3. Connect all Instrumentation leads and check-out• of
physiological sensors and psychomotor apparatus.

4. Subject will perform psychomotor task for five
minutes.

5,. Obtain blood samples.

6. Chamber door will be sealed.

7. G. E. chamber will be flushed with 100% 02 and
pressure will be increased to 760 mm Hg (15 psi).

8. Record physiological data at 15-minute intervals
in task record book.

9. Animals will perform psychomotor task (continuous-
and discrete avoidance) according to the followinq schedule,
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I - 2-3/4 hrs rest

2,3/4 - 3 hrs first work period

3 - 5-3/14 hrs rest

5-3/4 - 6 hrs second work period

6 - 8-3/4 hrs rest

8-3/4 - 9 hrs third work period

9- 11-3/4 hrs rest

11-3/4 - 12 hrs fourth work period

12 - 14-3/4 hrs rest

14-3/4 - 15. hrs fifth work period

15 hrs termination of test.

10.. Chamber will return to ambient altitude.

11. Obtain test sample of urine. Leave urinary catheter
indwelling.

Ci Post-test

1. Obtain blood samples

2. ECG (3 standard)

3. Obtain one-hour post-urine sample

4. Complete post-test physical examirtatlon of subject

5. Chest X-ray

6. Evaluate data and prepare preliminary test report

D. 24-Hours Post-test

1. Chest X-rays

2. Blood samples*

*Only in those subjects exhibiting post 24-hour disease.
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E. 49-Hours Post-teSt*

1. X-rays

2. Blood samples

F. Conditions Warranting the Cancellation of Test

1. ECG - Heart rate higher than 220 beats per minute
or lower than 60 beats per minute.

2. Respiration Rate- Respiration higher than 90
b~eaths per minute or lower than 12 breaths per minute.

3. Rectal Temperature - Temperature above 105OF or
lower than 96.0°F (any sudden rise in. temperature should be
carefully monitored).

4, - Skin Temperature - Temperature above 1030F or
lower than 88.5 0 F (any sudden rise in temperature should be
carefully monitored).

5. CO2 Concentrations 1.0 - 1.5%. Whenever concen-
tration reaches 0.5% or more,, the chamber will be flushed with
100% 02 /atmospheric air.

6. Any other relatively sharp deviation from the
monitor record (i.e.) any trend from the record of the test in
progress, which in the opinion of the veterinarian on call is a
serious hazard to the health of the! animal or indicates that the
test has become invalid.

7. Instrumentation difficulties that require opening
chamber while in 100% 02 environment.

8. If animal ceases to perform behavioral program
which in the .opinion of the project officer (Comparative Psychol-,
ogy Branch) indicates that the test has become invalid.

9. After notifying the veterinarian on call, 'notify
one of: the following in the order below:

a. Captain Gleason GR 3-6252

b. Capta iný Roper, GR 3-2323

*Only in those subjects exhibiting post 24-hour disease.
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E. 48-Hours Post-test*

1. X-rays

2. Blood samples

F. Conditions Warranting the Cancellation of Test

1. ECG - Heart rate higher than 220 beats per minute
or lower than 60 beats per minute.

2. Respiration Rate - Respiration higher than 90
breaths per minute or lower than 12 breaths per minute.

3. Rectal Temperature - Teuiperature above 105°F or
lower than 96.0°F (any sudden rise in temperature should be
carefully monitored).

4. Skin Temperature - Temperature above 1030F or
lower than 88.50F (any sudden rise in temperature should be
carefully monitored).

5. CO2 Concentrations 1.0 - 1.5%. Whenever concen-
tration reaches 0.5% or more, the chamber will be flushed with
100% 02 /atmospheric air.

6. Any other relatively sharp deviation from the
monitor record (i.e.) any trend from the record of the test in
progress, which in the opinion of the veterinarian on call is a
serious hazard to the health of the animal or indicates that the
test has become invalid.

7. Instrumentation difficulties that require opening
chamber while in 100% 02 environment.

8. If animal ceases to perform behavioral program
which in the opinion of the project officer (Comparative Psychol-
ogy Branch) indicates that the test has become invalid.

9. After notifying, the veterinarian on call, notify
one of the following in the order below:

a. Captain Gleason GR 3-6252

b. Captain Roper GR 3-2323

*Only in those subjects exhibiting post 24-hour disease.
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c. Captain Ward GR 3-2866,

d. Major Corkhill GR 3-2986

G. Personnel Requirements Based on 24-Hour Shifts

Three project officers - Physiology Section

Six scientific aides (restraint) - Physiology Section

Electronic technicians as needed - Land-Air, Inc

Chamber operators as needed - Environmental Test
Sect ion

Veterinary officers as needed - Veterinary Services
Branch

Project officers as needed - Comparative Psychology
Branch

Three-psychologist aides as needed -�Comparative

Psychology' Branch
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iII
ADDENDUM TO EXPERIMENTAL PROTOCOL

Automeatic Reduction and Analysis
of Physiological and. Psychomotor. Data'

JI PHYSIOLOGY

Six physiological measurements will be recorded: EKG I,
EKG II, EKG III, respiration, rectal temperature, and skin tem-
peratures EKG II and respiration signals will be conditioned
by rectifying the respective physiological cycles into square
wave, unit pulses which are counted and averaged into continuous
rate functions. The counting interval is a 15-second sliding
window. EKG I and EKG III have proven to be less reliable as a
source of heart rate but are recorded oto provide the cardiologist
with a complete visual record of each experiment, and to serve
as a back-up in case EKG II is lost.

Condensed time plots of heart rate, respiration rate, skin'
temperature, and rectal temperature will be made during the
analog phase of processing. These four functions will be serially
transmitted into the Event Time Reader (ETR), tabulated, and re-
recorded in digital form on 1103A Univac tape. The Biological
ETR Program (Prichard) compensates for any tape speed ratio other'

than 1:1 and assigns an item number to each sample and thus
maintains a real time sensing. Each item number corresponds
to 15 seconds of real time. After all physical tapes associated
with a single test are digitized, the data will be merged (Rane)
and stacked (Lotz) so that one tape contains all of the data
from a given, test. This final tape is processed through the
Physiological Intra-Animal Analysis Program (Dennis), which com-
putes the following items for each function during a given test
segment: sample size, range, mean, standard deviation, standard
error of the mean, 1% and 5% confidence limits. The mean and
confidence limits are hand drawn on the time condensed, plots to
provide a quick look summary of the entire test. Any part of
the test that proves to be of unusual interest may be, recalled
and subjected to the same analysis using smaller seg.ments of
time.

II. PSYCHOMOTOR

Four channels of psychomotor will be recorded. Only the
Continuous and Discrete Avoidance are used in this test series.
From the original recording, the data will be transmitted
through the ETR at tape speed ratios of up to 128:1, and writ-
ten on Univac tape by the Standard ETR Program (Bliss):. To
uncover timing errors, the data are immediately subjected to
the FlaR Edit Program (Coffin): and if errors are detected they
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are corrected by the ERT Time Correction routine (Coffin) or
the General Data Edit Program (Coffin). The data are then
processed through the Psychomotor Analysis Program (Dennis and
Neill), which counts pulses, identifies responses and lists
the activity of each work period. The output will include
basic statistics appropriate to-each tabulation,

1.
iI

tI



APPENDIX II

Pro- and Post-Test Physical Examination Data
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PHYSICAL EXAMINATION PRE AND.POSt TEST
TES Oxygen. PROJECT/TASK NR IANIMAL IDENTIFICATION SEX IDATE

Toxicity j69/901 Paleface #32 M 23 October 1961
_ Study #

PAST CLINICAL HISTORY

Subject is approximately 6 years., U2 months of age. Last quarterly physical
accomplished 25 September 1961. Utilized awu mbject for data acqu'isition.
flight #140 on 114 Septemiber 1961. No, serious illnesses in pas6t six mionths.

DATA PE ETPOST TEST

WEIGHT/L.011 61.25 575

RECTAL TEMP 100.000 100.260

BLOOD PRESSURE 178/132 160/100.

PULSE/MNI 106 108

RESPIRATION/MIN 32 28
IF USED AMOUNT, TYPE AND TIME

ANENT HESIA/RESTRAINT None None:
OBSERVATIONS4I OSSERVATIOMS1

E. C. 0. Instrumented for ECG Instrtimentation intact
1400 Mk 614 KVP

X-RAY V/60 sec. 148" AP&ltrl omlAP & lateral ormal,
MEASUREMENTS PWRTINENT'TO TEST

[oemas *e-mo -- REMARKS

General appearance -very good Findings same as pre-test except:

E'ars, eyes, nose and throat - normal Extremities-
Penis.! marked edema due' to stricture

Chest (auscultation) caused by suit
Heart - sy~stolic murmur
Lungs - normal

Abdomen (palpation) -normal

Extremities -normal

Mental Status - quiet

60
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LASUATORY W9QUIRIMIENTSp
NEMATOLOGY (XMb. of .pltle, hea to be .U4fd.• tinio 10
(I) Pre Test (just prior to closing the-chamber door),

(.a) 5cc clotted in oil
(b) 5cc oxalated in oil
(c) 5cc oxalated without oil
(d) Slides for Differential Count

(2) Post Test (as soon as the chamber door was opened)
(a) Same as Pre Test

URINALYSIS (NUMu. Of OIee, m•/ eo to be o•.Iletoe4 twoe ad amounta)

Subject was catheterized with an indw lling Folley catheter for continuous urine
collection during the test. For 17 0n corticosteroid determinations. Also, Pre
and Post Test urine samples wereL collected for urinilyses.

-------------------------- ------------- ---------- ------------ A

Post-Test Itinerary:

0200 hrs - chamber opened, subject calm.
0208 hrs - blood samples drawn.
0230 hrs - arrived at Vivarium.
0235 hrs - de-instrumentation-catheter out at time of post test physical.
0240 hrs - urine in pan filtered through gauze into bottle #2.
0245 hrs - second Catheterization produced no additional urine.
0305 hrs - urinated copiously. Sample obtained for purpose of 1 hr post run test.

JERRY FINEG

Captain, USXF, VC

61 Chief, Project Support Section
( Sidna•eu~n0 you Wseaimi/AeI~tu-O

WILLIAM E. BRITZ, JR
_ _ _ _ _Captain,USAF VC



PHYSICAL EXAMINATION PE AND POST TEST
TEST Oxy~gen PROJECT/TASK NR AIMA IDENTIFICATION Sax. DATR

Toxicity 6892/689201 Elvis #3 I2 ctbr16
Study, #2 I#5 5Otbr16

PAST CLINICAL HISTORY

Last quarterly physics!. on 18 October 19'6 1. No illnesses mince: that time., Used
by Comparative Psyojholo'g on 19 October 1961.

DATA, PRE TEST' POST TEST

WEIGHT/LeS 57 -F 55
0RCA WPF98.8 100.0O

BLOOD PRESSURE 148/128 185/150.

PULSE/MIM 9212

R ESPI RATION/NIH 28 2
IF USED AMOUNT, TYPE AND TIME

ANESTI4ESIA/RtESTRAINT Noneon
OBSERVATfiOsg BCtTOS

E. c. 0. Instrumented for ECG Instrumen~tation intact
400 MA 64 KvP

X-RAY 1/60 pec. L811 AP & Lateral - normal
MEASUREMENTS PERTINENT TO TEST

N/A

-REMARKS
C:oval smewuio. and .,..*. staft., *Me em. ow"e md Ow"a ewate (UIme ýd beaus eaumoIa)4&m py~m..lani

General appearance - good General appearance -good

Mental status - normal Mental status - normal

E~res, ears, nose, throat -normal BFres, ears, nose, throat,- normal

Lungs - clear Lungs - normal

Heart - normal Heart - normal

Abdomen - normal Abdomen - constipated

Extremities - normal Extremi~ties -normal

Vagina -norma). Vagina -normal
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LABRATORY REQWREMENTS j
HEMATOLOGY (N.aMbet Of S.MofeeL t.n'* e*e f bi deffe #APO 410f ON•... .
(i) Pre Test (,Just prior to closing the chamber door),

(a) 5cc clotted in oil
(b) 5c0 oxalated in oil
(c) 5cc oxalated without oil
(d) Slides for Differential Count

(2) Pout Test (as soon as the chamber door was opened)
(a) Same as Pre Test

URINALY"IS (.. .1 OfwI .W ti.m.a. be ..Ue O1d. tjb WW afidmiea)

Subject was catheterised with an indwelling Folley catheter for continuous urine
collection during the test., For 17 0 H corticosteroid determinations., Also, PreL
and Post Test urine samples were collected for urinalyses.

------------------------------------------- ---------------- ------------

Pre and Post Run Itinerary:

1., Pre-Run
a. Unable to effectively place indwelling catheter.

(1) Urine to be collected in pan under chair
(2) Hcl placed in collection pan
(3) Pan placed at 0900 hrs

b. Pre-run urine sample collected 0830 hrs.
c. Restraint devices carefully checked to prevent strictures.
d. Instrumentation functional except for foreign noise in ECG; not resolvable

by instrumentation technician.
e. Hard foam rubber padding has been added to the seat of the chair since the

23 October run. This will not interfere with urine collection.
f. Capt Reynolds has provided water on this run in an attempt to induce

increased urine output.
g. 0955: Bleeding of subject accomplished with no complications.
h.ý 0956: Chamber closed.

2. Post-Run

a. 0137: Chamber opened.
b. 0145: Blood samples drawn.
c. 0200: Animal returned to Vivarium.

S~/8/

JERRY FINEG, Captain, USAF, VC
Chief, Project Support Section

63 Veterinary Services Branch

WILLIAM E. BRITZ, JR
Captain, USAF, VC



'1 PHYSICAL EXAMINATION PRE ANt PO T TEST
TEST Oxygen PROJECT/TASK MR ANIMAL IDENTIFICATION SEX DATE

Toxicity 6892/689201 Roscoe #42 M 28 October 1961

PAST CLINICAL HISTORY

Last quarterly physical examination 14 June 1961. Subject waA returned from
MDRBC 8 September in very poor condition. He had lost 12 pounds in 36 days.
Subject has been convalescing at MDRBL with occasional daily issue to MDRBC
since that time andshe has gained 7 pounds.

DATA PRE TEST POST TEST

WEIG NT/LE 51502
i• F0

RECTAL TEMP F 99.0 100.3

BLOOD PRESSURE 292/180 (wild) 184/.14 (quiet)

PULSE/N 124 132

RESPIRATION/MIN 36 22
IF USED AMOUNT, TYPE ANDVTIME

ANEETHII A/RESTRAINT NOnlg 11"R AIOIN
OBSEERVATIONS$ 0BSERVATIONS8

E. C. 0. Instrumented for ECG Instrumentation intact
400 MA 64 KVP

X-RAY +,Aral AP Ri Tal . nnymlq AP & Lateral -no al
MEASUREMENTS PERTINENT TO TEST

N/A

[-REMARKS

PRE POST

General appearance - good Findings same as pre-test except:

Mental Status - wild, fighting Mental Status - much quieter on
examination table

Eyes, ears, nose, throat - normal
Ce attremitts- moderate edema of both

Chestr(mouscultationd) met
Heart - systolic murmur
Lungs - normal

Abdomen (palpation) - normal

1ktremities - normal'
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I HEMATOLOGY (Nmmber of samol, thwe, so bo oitoflte4, mad am
(1), Pre Test (just prior to closing the chamber'door).

C&) 5cc clotted in oil
(b) 5cc oxalated in oil
(c) 5cc oxalated without oil
(d) Slides for Differential Count

(2) Post Test (as soon as the chamber door was opened)
Ca) Same as Pre Test

UNINALYUIS CNamo of SOI00, timeDt b0 66elleoed. Ippe un,4060040-

Subject was catheterized with an indwelling Folley catheter for continuous urine
collection during the test. For 17 OH corticosteroi~d determiniations.0 Also-, Pre ,
and Post Teat urine samples were collected for urinalyses.

----------------------------------- ---- --------
Pre-Test:

Subject catheterized during the entire teat for urine collection - #8 Fr Foll~ey

catheter.

/a/

JERRY FINEG, Captain, USAF., VC
Chief, Project Support Section

65 Veterinary Services Branch
(Sidnatume of Votoearatnm etlu.a.uino

WILLIAM E. BRITZ, JRL

_____________________-Captain, UsAF VO



TETOxgnPHYECTSICR IAL. I~fTFtATIND POT ax DATE
Txct 6892/689201 Minnieý #46 ýF 30 October 1961

'sinc luastel physical examination !- 12 September 1961. No serious ilinesasep
sine ostqurte.'Subject's age: 4& years, and 9 months (approximatey)

DATA PRE TEST POST TEST

WEIGHT/ES L4745

00
RECTAL TEliP Fr 990 100.50

BLOOD PRESSURE 3.45/115 150/3.1

PULSE/MEN 88 100i

ARESPI RATION/MIN 36 33
IF USED AMiOUNT, TYPE AND TIME'

ANEfSTHESIA/RESTRAINT None requlired._________________
OBSERVATIONSI, 00SWRVATIONSt

E. c. G. Instrumented for ECG Instrinentation intact
400 MA 64 KVP

X-RAY 1160 sec, h118 AP &,Lateral -normal AP & Lateral - normal
MEZASUREMENTS PERTINENT TO TEST

N/A

RE-MARKS
EO...al wpear... a"E Sulhl .Etue. eye.. oar, aw" mE Waal. ab.at (jma Mmd heat ~W*)~.ahi, ehaý(palpada. mukUJ

PRE POST

General appearance - good 7Findings same as pre-test except:

E~ars, eyes,. nose and throat -normal Ex~tremities - slight edema of f eet

Cheat (auscultation) Subject was coughing when door was
Heart - systolic murmur (loud)' opened; however, lung sounds were
Lungs - normal normal during the physical examination.

Mental Status -'straining:. Occasionally IA deep laceration was observed on the:
against 'restraint subject' s 2nd finger of the right

hand. Cause unknown.
Abdomen - normal

Ext-remities, - normial
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'LABRATORY REQUIREMENTt.-
HEMATOLOGY (ffmm~u o&f u16 th"&LI o. be .I.e" .- m
(1) Pre Test (just prior to closing the cdhamber doo0r)'

(a) 5cc clotted in oil
(b) 5cc oxalated in oil
(,c) 5cc oxalated without oil

()(d) Slides for differential count
()Post Test (as soon as the chamber door was opened)
(a) Same as Pre Test

URSMALYUSS (N=A ot ~eI., tim.s to be eoafleege type and AnowtaJ

Subject was catheterized with an indwelling Folley catheter for continuous urine
collection during the test.. For 17 IH corticosteroid determinations. Also, Pe
and Post Test urine samdples were collec~ted for urinaly'ses.

Pre-test: Subject catheterized during test for urine coll.ection -#6 Fr. FoUey

catheter.

Dost-test:

0200 hrs. - Blood drawn for laboratory analysis.
0210 hrs - Arrived at Vivarium Section and ~started; de-instrumentation procqedurea.
0230 hrs - Accomplishe~dphysical examination,.
0300 hrs,- Attempted to collect urine samplesi, but failed.

J.ERRY FIi0Captain, USAF, VC
Chief, Proiect Support Section

67 71-

ViLLIAN T;. BRITZ, JR
-Captain, USIAF, VC



TEST PHYSICAL EXAMINATION ONE AND PO-ST TSTE OT

Toxicit 6892/689201 JPaleface #32 )1 1 November 1961

Subject's age -6 years and 11 months (approximately).
Last quarterly physical examination 2.5 September 1961. No serious illneuses
since that time.
Experimental subject for the following since last physical:.

MDRBG and 10 Oct 61 - training..
Oxygen Toxicity Study - Test #l/ on 23 Oct 61. No serious after effects.

DATA Pita TEST POST TEST

WEIGHT/LOS 6212 61

RECTAL TEMP F100.0 98:.4
(Diastolic-

BLOOD PRESSURE 2140/110 3rd sound) 2014/160.

PULSE/NIN 112 136-

RIESPIRATION/MIN 214 32
IF USED AMOUNT, TYPE AND TIME

ANESTI4ESIA/RE4TRIT Aln Teuie
OUSERVATIONSI 0659RVATIONSI

a. C. 0. Instrumented for EGG instrumentation intact
1400 MA '64 UVP

X-RAY 1 /60:-)w -~ hats AP & Lateral - normal AP & Lateral -normal

MEASYRIE&IRMS PERTINKNT TO TEST

REMARKS
ceamww ap.urm~ooO mew a*# staftu. oy.. fw or.no mau ftom*. wwa. (twe mad h..N soma"_!16"n(p~~taI..tfmki

PRE POST

General Appearance - very good All findings same as pre-test except:

MentalSats - tann.Extrumities -Penis revealed mariced edema
TuFeto stricture of suit.

1Eyes,. ears., nose, throat - normal
Feet -siema due to restraiy

Chest (auscultation) banid.
Heart - systolic murmur
Lungs - clear, normal.

Abdomen (palpation) - normal

Extremities -normal
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LASRATORY REMUIREMAENTS -

HE MATOLOGY 0' ofiftwo.I amle to, eb awle4..h
() Pre Test (just prior to closing the chibber door)

(a) 5cc clotted in oil
(b) 5cc oxalated in oil
(c) 5cc oxalated without oil
(d) Slides for differential count

(2) Post Test (as soon as the chamber door was opened)
(a) Same as Pre Test

URMNALYSS (N.ahat o0 040. Ida.. #0 ob o.UoeE. tWO a&nd *moods)

Subject was catheterized with an indwelling Folley catheter for continuous urine
collection during the test. For 17 0 H corticosteroid determinations. AlUo, Pre
and Post Test urine samples were collected for urinalyses.

Subject consumed a full container of water during the test., One hour Post test u
sample collected from 0200 - 0245 hrs. Urinary catheter came out at, 025 hr who
the animal strained while lyingL on the examination table.

iN

JETRY FINEG, Captain, USAF, VC
6 Chief, Project Support Section
69 Veterinary Services Branch

(Sdnahfm of Vyte.mnwi&/Aa~detsano

WILLIAMI E. BRITZ, JR
Captain, USAF, VC



TEST Oxygen POETASMR ANIMAL .191TFCtO Sax DATE

Toxicity 6892/68920 Elvis #35 3 November 1961

PS LNALas quartOrlypyia n1 October 1961. No illnesses since that time. -Used
by Cmpaatie Pychlog on19 October 1961. Subject for Oxygen Toxicity Study
#2,on 5 Otobr 161.goserious -illnesses noted, folloingL tests

DATA PRE TEST POST TEST

WEIGHT/LBS 57- 5

RECTAL TEMP FP 98.2 100.0

BLOOD PRES1URE 19Q/155 210/130

PULSE/MIN 88 128

RSPIRATION/mIN 24 36
IF USED AMOUNT.TYPE ANID TIME

AEST-HESWARESTRAINT None None
OOSERVATIONSt OBSERVATIONSI

E. C. 0. instrumented for ECG Instrumentation intact
400 VA 64 KVP

X-RAY 1/60 -see.. 48.1A1 atrl-noml A & Lateral -normal)

MEASUREMENTS PERTINENT TO TEST (Pre-mtest R2 kChest _36 hrs posft-6teat)

N/A 'N/A

REMARKS
Eomnwal mwe&ý60c iad mental woaua. 87*, ow. no" am admi, a.. NosealpedenIhoe

PRE POST

General Appearance - very good All findings are same as pre-test except-

Mentakl status -Vocalizing, but fair]fly Coughing but lungs sound normal.
quiet

Eyes, ears, nose, throat - nasal dis-
charge, very slight. 'Others normal.

Chest (auscultation)
Heart - normal
Lungs - Clear, normal

Abdomen (palpation) -normal.

Fxtremitiesi- normal
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LABRATORY REQUIREMENTS
HEMATOLOGY (NWd.e O4 8s*e.O thoeto be oWI*Tee4 m &Wgm-d miNm)*

(1) Pre Test (Just prior to closing the chamber door)
(a) 5cc clotted in oil
(b) 5cc oxalated in oil
(c) 5cc oxalated without oil
(d) Slides for differential count

(2) Post Test (as soon as the chamber door was opened)
(a) Same as Pre Test

URINALYSIS (NMmmir of ~ee& tim. to be .. 11OWe0 type Mnd imomne)

Subject was catheterized with an indwelling Folley catheter for continuous urine
collection during the test. For 17 OH` corticosteroid determinations. Also, Pre
and Post Test urine samples were collected for urinalyses.

Pre-Test: Subject catheterized with #8 Fr Folley catheter for urine collection
during the test.

Post-Test: Catheter in place until diaper removed, leaking did occur however.

JERRY FINEG, Captain, USAF, VC
7 Chief, Project Support Section
71 Vppriinry Services Branch .

(SlOMnaMuM e1 Vete01 nejIm-o )

WILLIAM E?. BRITZ, JR
_ .... _ _... . .. .._ Captain, USAF, VC



PHYSICAL EXAMINATION PEE AHNDPOST TEST
TEST Oxygen PROJWCT/TASK OR ANIMAL IDENTIFlCATION SEO DATE

Toxicity 6892/689201 Roscoe #42, M 6 November 1961

PAST CLINICAL HISTORY

Last quarterly physical examination 14 June 1961. Subject was returned from NDRBC
8 September 1961 in very poor condition. He had lost 12 pounds in 36 days. Subject,
has been convalescing at MDRBL with occasional daily issus to MDRBC since that time
and he has gained 7 pounds. Experimental test subject for Oxygen TokioitW Study #3
on 27 October 1961. No serious effects noted following test.

DATA. PRE TEST POST TEST

WEIONT/011. 54 53

RECTAL TEMP ,O 100.8 98.8

BLOOD PRESSURE 168/132 -145/118

PULS9/MIN 116 120

RESPIRATION/MIN 32 24
IF USED AMOUNT, TYPE, AND TIME

ANESTHESIA/R9STRMNT None None
AOSRVATIONSi ON

E. C. 6. Instrumented for ECG Instrumentation intact
4oo MA 64 KVP

X-RAY 1/60 sec. 48" Pre-test Chest - dtd 26 Oct 36 hour post - Chest
MEASUREMENTS PERTINENT TO TEST

N/A. N/A

REMARKS
CGawA "pwme. ý miniM Won*. 079t ow. no" ý 1.. ma4ts ($we =W heat d )_m. wwwkkD~aiv.kd

PRE POST

General Appearance - good All findings same as Pre-Test,

Mental Status - fairly quiet Subject very quiet during Post-Test
physical examination.

Eyes, ears, nose, throat - normal
Subject catheterized with #8 Fr Foley

Chest (auscultation) catheter during test.
Heart - systolic murmur
Lungs - normal

Abdomen (palpation) - normal

Ektromities - normal

AFMDC PORm 0.252 g52.sPRO so



LASRATORY REQUIREMENTS
""HEMATOLOSOY (Nmomle of ad/es, galme. be 4dW1i968 4p "d 41mmP)

(1) Pre Test (just prior to closing the chamber door)
(a) 5cc clotted in oil
(b) 5cc oxalated in oil
(c) 5cc oxalated without oil
(d) Slides for differential count

(2) Post Test (as soon as the chamber door was opened)
(a) Same as Pre Test

URINALYSW (fNmbr of .oample eiin.bt be o.oW.e*4 two and anemate)

Subject was catheterized with an indwglling Folley catheter for continuous urine,
collection during the test. For 17 OH corticosteroid determinations. Also, Pre
and Post Test urine samples were collected for urinalyses.

Subject destroyed a portion of the wiring inside the chamber, causing a loss of
2 channels ECG. This also delayed the test end point by approximately 45 minutes

-during repair.

0215 hrs - End of test - chamber opened, subject calm, post-test blood samples drawn.

-0215 - 0300 hrs - Post-Test urine collection period. Catheter was still in place at
the end of the test, but it was accidentally pulled out during
de-suiting. However the subject did not urinate voluntarily until
0300 hrs. This was considered adequate for the post-test sample,
making catheterization at 03i5 hrs, unneoessary.

2I

/s/

JERRY FINEG, Captain, USAF,, VC
73 Chief, Project Support Section

Veterinary Services Branch
(414pwhue of VPev.inaWAssfad'eanm)

WILLIAI4 E. BRITZ, JR
Captain, USAF, VC



PHYSICAL EXAMINATION PEE1 AND'0POSTITEST
TEST Oxyge PROJECT/TASK MR ANIMAL IDEINTIFICATION Sax DATE

ToiiyI6892/689201 Minnie #46 F 8 Novemiber 1961Stdy #8
PAST CLINICAL HISTORY

Last quarterly physical-examination, - 12 September 1961. No serious illnesses
since last quarter.;, Subject's age: 4 years, and 9 months (approximately).
Fxcperimental subject for Oxygen Toxicity Study #4 'on 30 October 1961. No serious
after effects.

DATA PRE TKSTý POST TEST

WEIGHT/LBg 48 4 /

RECTAL TEMP 0098 100.0

BLOOD PRESSURE 180/150 16h/l25

PULSE/MIN 120 88

RESPIRATIOW4MIN 32 2
IF' USED AMOUNT, TYPE AND TIME

ANESTHESIA/RESTRAI MY None None

E. c. 0. Instrumented for ECG Instrumentation

X-RAY cleat -Pre study Ii36 hr post -.Test.- Chest
MEASURIEMIENTS ,PERTINENT TO TEST NAf

REMARKS

General Appearance, - good All findinigsae 8,* as pre-test,

M4 ental Status - straining against
restraint constantly

ET e S ears, nose- and throat - normal

Chest (.auscul~tation)
Lungs - normal
Heart - systolic murmur

Abdomený (palpation), - normal

Extremities -normal, e-xcept post healing,
laceration 2nd finger right
hand. (See physical euxam
02 toxicity study #h) 7
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LABUATONY gIMNUEMiNTS

Pr) Po Teat (just prior to closing the ohAeor dorr)
) o clotted in oil

b 5oc oxalated in oil
(c) 5co oxalated without oil
C(d) Slides for differential count

(2) Post Test (as soon as the chamber door was opened)
V'! (a) Same as Pre Test

401UWALYMW (NOMm of ,I O. t beoi Obe•140to .. •w to w. w )

Subject was catheterised with an indwelling Folley catheter for Lcontinuous urine

collection during the test, For 17 OH cortioosteroid deter',4nati~qns. Also, Pre
and Post Teot urine samples were collected for urinalyses,

-- --- - ---- ------- - ---- ----- - ----- -------- - -- -- - - - -

Pre-Test: Subject catheterized with- #8' r Foly. catheter.

-Post-Test:

0200 hra -Chamber opened - subject calm.
0205 hrs - Post test blood samples taken.
0210 hrs -One hour post test urine sample collection begun.

0245 hrs - Catheter in at time of de-instrumentation but came out soon after -

retention bladder contained no air to hold it, in?
"0310 hrs - Urinated on table - small sample ceollected - catheterised - no More

urine available.

/s/
JERRY FINED, Captain, USAF, VC
Chief, Project Support Section

"75 Veterinary Services Branch

WILLIAM E. BRITZ, JR
CaptainL USU Vr



APPENDIX III

Individual Oxygen Tolerance Tests
Number 1,, 2.i 3,4, , 5, 6,, 7 and 8

(Physiological and, Environmental Data)
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)
SUMMARY OF PHYSIOLOGICAL MEASURES

S(14.7 psi,$ 806F., 56% RH)

Mean Difference
N 20% vs. 100% 02 SE md t Ratio

Heart Rate 245 16.28 1.54 10.57**

Respiration 245 -2.35 0.251 -9.36**

Skin Temp. 247 -0.75 0.502 -1.49

Rectal Temp. 196 -0.08 1.01 .092

ýc* P 1 .001
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APPENDIX IV

Charts of Individual Oxygen Toleranco Tests
Number 1, 2, 3, 4, 5, 6$, 7, 8

(Physiological Data for Five, "Work Sesmions")
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NO'23 OCT SI

ImI

ii0-
4 44 0 0*I

I loi 
I ' '

TIM IN I4OUKS

PhyuliogSical Data Oxygen Tolerance Test 01J, First "OWork Session"l



H~toIj oo
00d

ISO-i

too"3
23tCT6

TO I

l~b to.so~

91"0

IIIIN I40ur

Physiological Data Oxygen Tolerance Test 01,, Second "Work Session"
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220 NO.532
200 23 OCT 41I
IS-I

140-

100-

150-
130-
11:0-

700

losý

t103-
w

97-

~93

TIME IN NOUNS

Physiological.Data Oxygen Tolerance Test 01, Third "IWork Session"
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O-8 NO .32

0 OCT 41

0it

S97.

- Ah

SmTl "It 224

Physiological Data Oxygen Test 0a FouTh "Work Session"
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z~~w2 t*OCT 61r

'so

401

50-

go-

'70

* 9, 11

103 0 1004

9992



220 fo

120

100.

00O

'30

hi -

105

103

i'is

TIME IN HOURps

Physiological Data Oxygen Tolerance: Test 02, First "Work, Session"
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t No. 35
220. 5OCT 61.

200-

W; ISO-

p ~ 140-
.j w

120,

so-

~1 60-

ISO-

30w

70-

30-

10-

1~03,

'93

94 4



32 NO. 35
25 OCT It

S140

1400

00

.ai 30-

10-

so,

1055



220- NO.35,
200 2OC6

1I0K

140-

020

w 13SO
~!110-

3W
flog50-

10-

105

163-

2W101-

E 99-: ~ ~~~s - S E

97-

~93-

214'.R 2205 22,25,
TIME. IN HOURS

Physiological.Data Oxygen Toleran .ce Test 02, Fourth "ýWork Session":
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220- "O.- 5
200- 26 OCT61I

180-

w~140-

~si120-
100-

So-

50-
30ii

1705

S105

0046 0105 &
TIME IN HOURS

Physiological Data Oxygen Toleranice Te~st. 02, Fifth "Work, Session"
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N0.42

27 OCT 61

140-

100-

4 150

90

1500

hi 30,-

S103

SaU101 -- @e::ase .3o.,...e~ p:z s.

9 5-

12151235 IRS&
TIME IN HOURS

Ph~ysiological Data, Oxygen Tolerance Test 03, First "Work Session",



NO.42
27OCT 61

Is'

ISO-

Ii

9999

IT- -



220

N-0.42
27 OCT SI

iISO
fA 140

A~~~~~~~ __ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _

100¶
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NO. 42
27 OCT -61,

gIgo

nio

150-

tao-

110-

390-

IF

.;105

97-

91

211521162155
TIME IN HOURS

-Physiological Data Oxygen Tolerance Test 03,ý Fourth "liork Session"
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SUBJECT NO. 42
28OCT 1961

200

'50

U105-

101

096-

TIME IN HOURS

Physiolopical Data Oxygen toler~ance Test 03, Fifth'"Work Ssestoi."
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NO. 46
no30 OCT 61

ISO

ISO-

150-

70

97l

9slo

4' TIME IN HOURS

Physiolo~'ical Data Oxyspen Tolerance Test 04,j First "Work Session",
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200'I

IwI
2 NO.4

140-

90-

1105

30.

m 101-
' 99J e

I97

~91

0195 low 6055
TIME IN HOURS9

PhysiolopiclDt xnTlrneTs 4 Second "Work Session"
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NO. 46
30 OCT 61

220m

r 200-

1O0-

1I40

1200

so.

60I

150

ISO-

90-
grio

103

7w 91'0m,

TM SI

Physioo .... ' . ... Tl' Test 0 Third " Sso

TIME I0HOU-

Phys'iolo~ica1 Data Oxypen Tolerance Test 0*4, Thir~d "Work Session,"

105



)h

NO. 4e
30 OCT 61

220"

200-,

140-
120
foo

S~150-
w."130-

a.- o

1100

w ?0-

60 o

w-30-

701

106

w 105-

0 9-

- 95-

0w 9

2215 2235 2265
TIME IN HOURS

PhysiologiCal Data Oxygen Tolerance Test 04, Fourth "Work Session"
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200 31 OCT 61
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NO. 32
220- 1 NOV601
200

180-

160-

140-

120-

100-

150-

w 1301
9z 110-I

x

O.4

0 f 301

10-I

S105

103ý

99 0@eO

52 97ý
a-

T ---- T

1300 12 M
TIME IN HOURS

Physiologrical Data Oxygen Tolerance Test 05, ftrstý "Work Session"
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,NO. 32
2W0 I1NOV 61

Wi ISI

w 140-

0, 1120

90-

70

103-

103-

99z

Iaz 97-

93-

91
1600 1620

TIME -IN HOURS

Phys~iolop-ical Data Oxygen Tolerance Test 05, Seod"o-eson"
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NO. 32
220 1O6

120

120-

100-

60
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APPENDIX V

Comparison of Oxygen Tolerance Tests 1 and 5; 2 and 6;
1 7 and 3; and 8 and 4

(Means of the Physiological. Data for Five "Work. Sessions")
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APPENDIX V!

Hematological and Serum Biochemical Values of
'Chimpanzees No* 32, 35,,4~2 and 146

and

Directional Changes in
Hematological and Serum Biochemical Values durlnp'

Test Periods in 20% and 100% Oxygen
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DIRECTION OF CHANGE IN HEMATOLOGICAL AND SERUM BIOCHEMICAL VALUES
DURING TEST.PERIODS IN 20% AND 100% OXYGEN*

20% Oxygon 100% Oxygen
No. 32 No. 35 No, 42: No.'4' No. 32 No.: 35 No. 42 No. 454

RBC down up up - down Up 0*** down

Hgbin up 0 0 down

Hcrit - down - - up - 0 down

WBC - down - up down**0 -

Polys - - down - up down** 0 -

Bands .. ... up - 0 -

Mononuclears down** down down - up down 0 up

Eosinophiles - dowyi** 0 - - - 0 down**

Sed Rate - - down**' - down - 0 -

CO2  down up** up - up up up up

K up** - - up** - 0 - Up**

Na up** - - - - up** up U

Cl - - ........

pH .. ..- down** down** - up down,**

Urea N up - - up - down ....

Tot Prot up . .. .-down Up -

-Creatinine -.. .. down - up

Ca - up ..... down

P - - up .... -

Blank spaces represent either no essential change in value or an
"abnormal!" pre-test value

S* Very significant directional change iný value since pre-test value fill
within "normal" range and post-test value outside of "normal" range

**~ 0 rebresents undetermined value
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